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Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312S184Initiative (OAI), the site radiographic readings used for recruitment
collapsed OARSI JSN grades 1/2 into a single grade, but central readings
that provide the full spectrum all 3 OARSI JSN grades were released
recently by the OAI. The relationship between JSN grades and cartilage
loss has not beenwell studied: Hence, we test the hypothesis that knees
with medial JSN grades 1 and 2 display different rates of cartilage loss
and that their differentiation is important in predicting structural
progression. Further, we explore whether rates of cartilage loss within
KLG1 and 2 depend on the presence [+] or absence [-] of JSN.
Methods: We studied a sample of 836 right knees from the OAI (Table
1): 112 were healthy (age 557.7; BMI 24.33.0), and 724were selected
based on presence of deﬁnite radiographic OA at recruitment (i.e.
deﬁnite osteophytes and OARSI JSN0¼siteKLG2, JSN 1/2¼siteKLG3, JSN3
¼siteKLG4; age 639,3; BMI 29,64,7). Site readings were performed
by 3-4 trained readers at each of 4 sites, and the central reading by
a team of trained readers at Boston University. Segmentation of the
weight-bearing femorotibial cartilages in baseline and 1 year follow-up
MRI was performed by 12 readers (Chondrometrics GmbH) with
blinding to acquisition order, using 3T coronal FLASH water-excitation
sequences. Thickness change in the medial compartment (MFTC) and
ordered value 1 (OV1¼the 1 of 16 subregions with the greatest loss in
each knee) was used for the analysis.
Results: The 112 healthy reference subjects with bilateral siteKLG0
showed OV1 rates of change of -11555mm. Of these 101 had bilateral
radiographically normal knees based on the central readings
(centKLG0) and similar OV1 rates of change (-11154mm). Of the 724
siteKLG2-4 knees, 6 were excluded from site reading analysis because
they displayed JSN without a deﬁnite osteophyte. Of these, 93 were
centKLG0 (OV1¼-12058mm), 61 centKLG1 -JSN (-150101mm), 40
centKLG1 +JSN (-11977mm), 98 centKLG2 -JSN (-134100mm), 210
centKLG2 +JSN (-172152mm), 161 centKLG3 (all +JSN: -203140mm),
and 61 centKLG4 (-195114mm). OV1 rates of change were greater in
centKLG2 knees with than in those without JSN (p¼0.03) but did not
differ signiﬁcantly between centKLG1 knees +/- JSN. A comparison of
MFTC rates of change between site and central readings is shown in
Table 1: rates in cent_med_JSN2 knees were substantially greater than
those in cent_med_JSN1 knees (p¼0.02) and of similar magnitude as
those of cent_med_ JSN3 knees.
Conclusions:We observe substantially greater rates of cartilage loss in
knees with medial OARSI JSN2 than in those with JSN1. Within KLG2
(but not KLG1) knees, presence of JSN was associated with greater rates
of cartilage loss. Differentiating between knees with mild (grade 1) vs.
moderate (grade 2) medial JSN (and KLG2 knees with vs. without JSN) is
important in predicting structural progression (i.e. cartilage loss).Table 1
Rates and sensitivity of change (SRM) in the medial femorotibial compartment
(MFTC)
MFTC Site readings Central readings (BU)
n¼ meanSD(mm) SRM n¼ meanSD(mm) SRM
Healthy 112 +282 0.02 101 -285 -0,02
medJSN 0 428 -15107 -0,14 196 -14111 -0,13
medJSN 1 217 -43129 -0,34 175 -31126 -0,25
medJSN 2 (collapsed with gr. 1) 116 -70159 -0,44
medJSN 3 73 -86152 -0,57 43 -72122 -0,59
MFTC¼ medial femorotibial compartment
SRM¼ standardized response mean ¼ mean change/SD of change351
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Purpose: Bone marrow lesions (BML) have been associated with pain,
cartilage thinning, and meniscal pathology. Most measurement
methods are semi-quantitative (ordinal) and relatively expensive.
Imaging methods that rapidly and accuratelymeasure BML volumemay
be valuable in detecting longitudinal change in large osteoarthritis (OA)trials and observational studies. We recently developed a rapid, semi-
automated quantitative measurement of femoral BML volume and
validated it against the Whole-Organ Magnetic Resonance Imaging
Score (WORMS). We have now extended the method to include BMLs in
the tibia. The purpose of this study was to compare this tibial BML
quantitative measure with WORMS, and to test the hypothesis that
quantitative BML volume in the tibial and femur is associated with
weight bearing pain in knee OA.
Methods: One hundred and ﬁfteen subjects from the baseline data of
the OAI Progression Cohort whose knees had been WORMS-scored by
OAI central imaging were included. Sagittal turbo spin echo fat satu-
rated (TSE FS) (0.357 x 0.357 x 3.0 mm, TR 3200ms, TE 30ms) inter-
mediate-weightedMRI were obtained on a 3-T Siemens TrioMR system.
A reader (CR) used semi-automated software to segment the sub-
chondral BMLs in the proximal tibia using the same method and on the
same MRI scans that femoral BML volumes were previously measured
and validated. The software applies a grayscale thresholding algorithm
to the raw image and provides the reader with regions for potential
segmentation. Reader judgment is used to select, usually with 1 or 2
mouse clicks, the clinically appropriate region(s) of BML adjacent to
subchondral bone and to reject irrelevant areas. Intra-reader and inter-
reader reliability was assessed on a random sample of 20 subjects using
the intraclass correlation coefﬁcients and were 0.96 (95% CI, 0.90-0.98)
and 0.97 (95% CI, 0.93-0.99) respectively. The second reader was an
experienced radiologist (CV). We used the WOMAC pain sub-scale and
deﬁned the primary outcome of knee pain dichotomously as moderate
to severe pain (scores 2-4) on any of the 3 weight-bearingWOMAC pain
questions (pain on walking, pain on climbing stairs, pain on standing),
acquired at the same baseline OAI visit as the MRI scans.
Results: The sample was 84% white and 52%male. The distribution of K/
L grades was 34% with grade 2, 55% with grade 3 and 7% with grade 4. A
box and whisker plot showing BML volumes in the tibial medial
compartment against categories of WORMS is presented in the Figure.
The software method required an average of approximately 5 minutes
per knee, once images had been screened by an MSK radiologist for
differential diagnoses. Signiﬁcant positive associations between the
volumetric measure and WORMS score were found in the tibial medial
(Spearman's correlation 0.71, p<0.001) and lateral (Spearman's corre-
lation 0.70, p<0.001) compartments. Spearman's correlation for the
femoral medial (0.73) and lateral (0.85) compartments of the same knee
were previously reported. We found signiﬁcant positive associations
betweenweight-bearing pain and total volume of BML (femur and tibia
combined) and femoral BML volume, while there was not a signiﬁcant
association in the tibia.
Conclusions: We have documented a moderately strong correlation
between tibial BML volume from the semi-automated method and the
semi-quantitative WORMS BML scores, similar to data for the femur,
providing evidence of criterion validity. The hypothesis thatweight-bearing
painwas associatedwith BML volumewas conﬁrmed for total femoral BML
volume but not for total tibial BML volume. The lack of association between
tibial BML volume and pain requires further investigation.
Figure – Box and whisker plots showing mean, median, lower and upper quartiles,
and outliers of BML volume from semi-automated quantitative assessment, by
WORMS scores, for medical tibial compartment.
Table 1
Associations of weight-bearing pain with BML volumes and WORMS scores
BML Measure No weight-
bearing pain
Weight-
bearing pain
p-value1
Total BML (mm3) n 54 61 0.01
mean (sd) 1004 (1708) 1577 (2030)
median 416 865
Total Femur
BML (mm3)
n 54 61 0.004
mean (sd) 298 (522) 715 (1210)
median 0 308
Total Tibia
BML (mm3)
n 54 61 0.17
mean (sd) 706 (1370) 861 (1211)
median 270 367
WORMS: Sum of
all compartments
n 54 0.003
mean (sd) 4(4) 60
median 3 7(5)
Figure 1. Mean baseline cartilage WORMS scores in the lateral femur (lf), lateral tibia
(lt), medial femur (mf), medial tibia (mt), and patella (pat) in subjects that did (n ¼ 30)
and did not (n ¼ 80) develop pain over 7 years.
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Purpose: Magnetic resonance imaging (MRI) is a well-established
method widely used for both, semiquantitative and quantitative
assessment of meniscal extrusion. Ultrasound (US) is more cost-effec-
tive and readily available in comparison to MRI and may be applied for
the evaluation of meniscal extrusion. The aim of this study was to
validate both, semiquantitative and quantitative assessment of medial
meniscal extrusion using US with MRI assessment as the reference
standard.
Methods:Ninety-three consecutive subjects with knee pain referred for
knee MRI were also evaluated by US in the same day. US of the knee was
systematically performed before MRI using a 12-5 MHz linear probe
with subjects in a supine position. The US evaluation of the medial
meniscus was performed at the medial aspect of the knee in the
longitudinal axis where meniscal extrusion was maximal. Two skin
markers were placed in the medial aspect of the knee where extrusion
was assessed. MRI was performed at 1.5T using routine sequences. The
coronal T2-weighted fat-suppressed sequence was used to evaluate
medial meniscal extrusion, using the slice displaying both skin markers
placed during US. For both methods, the edge of the medial tibial
plateau was the reference for meniscal extrusion measurements. Two
musculoskeletal radiologists assessed meniscal extrusion on US and
MRI separately and independently. Meniscal extrusion was semi-
quantitatively graded as: 0 (< 2mm), 1 ( 2mm and < 4mm), and 2 (
4mm). For both readers, the agreement comparing extrusion
measurements between US and MRI was evaluated using weighted
kappa (k) statistics. Also, intraclass correlation coefﬁcients (ICC) were
used to evaluate agreement using the absolute values of extrusion
measurements (quantitative assessment). Inter-reader reliability for US
and MRI extrusion grades was assessed using k statistics. We further
evaluated the diagnostic performance of US for the detection of medial
meniscal extrusion using MRI as the reference standard.
Results: For semiquantitative grading, the agreement between US and
MRI was moderate for reader 1 (k¼ 0.57) and substantial for reader 2 (k
¼ 0.64). When comparing quantitative assessment (absolute values) of
meniscal extrusion between US and MRI, substantial agreement was
found for both readers (ICC of 0.73 and 0.70, respectively). The inter-
reader agreement for meniscal extrusion was almost perfect (k ¼ 0.98)
for US and substantial (k ¼ 0.70) for MRI. US showed excellent sensi-
tivity (95% and 95%) and good speciﬁcity (82% and 70%) in the detection
of meniscal extrusion.
Conclusion: US assessment of meniscal extrusion is reliable and can be
used for both quantitative and semiquantitative assessment, exhibiting
excellent diagnostic performance for the detection of meniscal extru-
sion when compared to MRI. This might be of relevance since dynamic
evaluation of meniscal extrusion using US could be explored in future
studies, which would potentially help the understanding of causes and
consequences of meniscal extrusion.353
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OF KNEE PAIN OVER 7 YEARS
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Purpose: The purpose of this study is to determine whether baseline
cartilage T2 relaxation time and joint abnormalities (cartilage, bone
marrow, and meniscus morphology) predict the development of knee
pain over 7 years.
Methods:We performed a nested case control study of knee pain onset
in subjects from the Incidence Cohort of the Osteoarthritis Initiative
(OAI). Cases were 30 subjects who developed pain in the right knee over
7 years (Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) pain score ¼ 0 of 20 at baseline; WOMAC pain score 
0 at 3 year follow-up; WOMAC pain score > 3 at 7 year follow-up).
Controls were 80 subjects who did not develop pain in the right knee
over 7 years (WOMAC pain score¼ 0 at baseline, 3 year follow-up and 7
year follow-up). Baseline 3 Tesla MR images were analyzed using
morphological gradings of cartilage, bone marrow and menisci
(WORMS scoring). A T2 mapping sequence was used to assess the mean
and heterogeneity of cartilage T2 (grey level co-occurrence matrix
(GLCM) texture analysis). GLCM texture parameters including contrast,
variance, and entropy were calculated in each cartilage region: an
elevation in these parameters is suggestive of a greater heterogeneity in
the distribution of T2 values. Logistic regression models (adjusted for
age, gender, and BMI) were used to assess the relationship between
baseline T2 parameters, WORMS scores, and the development of pain
over 7 years. The reported coefﬁcients are per 1 standard deviation (SD)
increase in cartilage T2 parameters.
Results: The results demonstrate a positive association between carti-
lage T2 parameters at baseline and the development of pain over 7
years; subjects that developed pain over 7 years had greater baseline
mean and heterogeneity of cartilage T2 than subjects that did not
develop pain. The baseline mean T2 in the entire medial femur cartilage
was 38.80  2.81 ms in subjects that developed pain and was 37.00 
2.45 ms in subjects that did not develop pain (adjusted OR per SD T2
increase ¼ 2.78, p ¼ 0.027, CI ¼ 0.96-6.11). The baseline mean T2 in the
articular layer of the medial femur cartilage was 40.43  3.37 ms in
subjects that developed pain and was 38.74  2.80 ms in subjects that
did not develop pain (adjusted OR per SD T2 increase ¼ 2.37, p ¼ 0.033,
CI ¼ 1.07-5.25). The baseline variance of cartilage T2 in the medial
femur was 309.97  81.68 in subjects that developed pain and was
273.36  68.86 in subjects that did not develop pain (adjusted OR per
SD variance increase ¼ 2.18, p ¼ 0.026, CI ¼ 1.09-4.33).
The results also demonstrate a positive association between cartilage
WORMS scores at baseline and the development of pain over 7 years;
